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SYNTHESIS AND ANTIMICROBIAL ACTIVITY OF 
NOVEL DICATIONIC -REVERSED AMIDINES 

[0001] CROSS-REFERENCE TO RELATED APPLICATIONS 
[0002] The present appUcationclaiim priority to Uiuted States PmvisionalAppUc^^ 
No. 60/246^44 ffled November 6, 2000, the disclosure of which is incorporated herein by 
referraice in its oitirety. 

(00031 STATEMENT OF GOVERNMENT SUPPORT 
[0004] This invention was made with government support under grant numbers 
ROIAI 46365-01A2 and R01<a*61587 fiom the National histitutes of Heallh. Hie United 
States government has certain rights in this invention. 

[OOOSI FIELD OF THE INVENTION 
[0006] This imrention relates to the treatment of microbial infections caused by 
Mycobacterium tuberculosis, Trypanosoma spp., Candida albicans, Aspersillus spp., 
Cryptosporidium pannm, Giardia lamblia, Plasmodium spp., Pneumocystis cannn. 
Toxoplasma gondii, Fusarium sokmi. and Cryptococcus neoformans. 

10007] BACKGROUND OF THE INVENTION 

[0008] The incidence of microbial infections (e.g., mycobacterial, fungal and 
protozoal infections) in the immunocompromised population has significantiy increased over 
thepast several years, ^particular, Candida species, especially Candida albicans, are often 
aiguificant pathogens in patients infected with human immunodeficiency vnn.s (HIV). 
Another pathogen, Pneumocystis carinU, causes a form of pneumonia (PCP) that is beheved 
to be one of the leading causes of death in patients suffering from AIDS. 

[0009] Human African trypanosomiasis (HAD has reemerged as a threat to over 60 

nnffionpeople. Current estimates are ihatbetween350.000and450.000peopleareirf^ 

[0010] Other severe and life-threatmng microbial infections are caused by 
Mycobacterium tuberculosis, Aspergillus spp., Cryptosporidium pannm, Giardia lamblia, 
Plasmodium spp.. Toxoplasma gomlU, Fusarium solani. md Cryptococcus neoformans. 
[0011] The antimicrobial properties of dicationic molecules have been studied smce 
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ft. 193a, compound, of type have Wplo* ^ 

™, aanlla lanm L^hnarlo spp.. TUsmOum m-. f---^ 

O,^^ „«o/»n»^ rep™«d. ^ .... Ki,* H. =. al. 7>»p^M^ 

,„a.7»,. 1938. 32.177-m; Blagbun, B. L. « al.. Cl««<ter. 1991. J5 

1520- .523; BeU. C. ^ e. «. .099-n07; BdU « 

al, .«<»/.r<,. .g.-. C*^*-. >m M, 138.-1386; Ki*. R-e. ^ A^^^ 
,„a^,. ,940. H 18,-197; Fulton. D. ^ Trcp. ^ P^- ^. 53-66. 

l^dv V G.e.a,,Mo™«<:/- »to«,958.i<W,lW4;B0,ldn,D.W.e.al...7.i&i 

2. 1995, 38, 9.2-916; Bo,^ a W. e. a.. M.. ^^'^'-^ 
F^ncesconi e, a,., ^ MU CHe... ,999. «. 2260-2265; Untoy. D. S. « a... ^oi. 
A^en. a.n.„.r. ,99.. 35. ,9,4-.9,6; lx.nrie. E. M; « aL. ^ 7V^. ^ 
1939 35 289-304; Lonrie. E. M. e. al..^™. r™,. Mei «. 305-312; 1^ 

B P.'e.^,.rMed;0»».. 1976. 20. 531-536; Del PocU.M.«..l...r..<«»nfc«I..Cte»o,^. 
1999 44 223-228; Del Poeta, M. et a., AnHmUrob. Ag^ Chemother. .998, 42, 2495- 
2502- Dei Poeta, M. et al.. AnUmwrob. AgenU ChemXher. 1998. 42, 2503-2510. 

r«,121 Despite the bmad «nge of aotivity exbibited by dianndines. only 
con.pou»l of this ch^nncal type. pen,an^*e. ha, seen significant dinioal use. Pen.»n.dme 
has be» used cMcaUy against Affican t^osomiasis. antin-ony-tesistan. ^ 
and P. carm See e.,. Apt-. F. 1. C, PWocol THer. 198 /;. 391-413. 

B,^„, A. D. M.et a,.. Tra... Roy. So. Trop. UeJ. m 1985, 7P. 705-714; Hughes. W. 

T • et al. Antimicrab. Agents Chemother. ,974, J. 289-293. 
" [0013] Anumber„fcompoundsinthisc,assofdioationiemoleoulesh»«he«.sho«n 

,0 Hnd to ft. nnnor-groove of DNA a. AT-rieh sites and the details of ftei. in«.*ion-™.h 
rt^-^ve have been elucidated 6om biophy^cal sbdies and fiom se«ral 

B is hypothesized .hat «^ types of mo,ecu,es exe« *rir bio,og.cal .^^ by 
ast binding to DMA and then by fahiMting one or more of several DNA dependent enzymes 
e.., topolsome^es, nucleases, etc.) or ,»s3ibly by direct inhibition of transeripdo^ See 
T^nous, F, e, al, Biomo,. Str^t. ^Dy.im.n. 1063-1083.; WUson. W. D. e. aL. 
J. .(^Cta».&»:. 1998. 720. ,03,0-10321; BaiUy.Cetal., An,i-Ca,u:er Drug Design, iW. 
14 47-60- Mazor. et J. Molecular Biology 200O. 300. 321-337; Trent, J. O.; et al, J. 
Mei Chem. .996. 36, 4554-4562; Ouerri. A. e. al. Nucleic Acids Res. ,998, 26. 2873-2878; 

C. A. e, .1, BloOemlstry 1996, 3S. 5655 -5661; Beeanan, T. A. e. al, B.ochm. 
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Biophys. Acta 1992. IISI, 52-61; BeU. C. A.; et al.. Antimicrob. Agerus Chemother. 1993. 

37 im-ie-n; Dykstra, C. C. et al.. Antimicrob. Agents Chemother, 1994. 38, 1890-1898; 

ffildebrandt. E. et al.. J. Euk mcrobial. 1998. 45, 112-121; Henderson. D. et al.. Nature 

Medicine 1995, 1, SIS-SIT, Fitzgerald. D. J.; et al., J. Biol. Chem 1999, 274, lim-inn. 
[0014] 2.5.Dipheny«bran and 2,4-diphenylfuian diamidines have been found to be 

highly effective treatments in animal models for Pneumocystis carinii and Cryptosporidium 

parvum. See Blagbum, B.L. et al., Antimicrob. Agents Chemother. 1991; 35, 1520- 1523; 

Boykin, D W et al., J. Med Chem. 1995, 38, 912-916; Boykin. D. W. et al.. J. Med Chem. 
1998, 41, 124-129; Francesconi, I. et al., J. Med Chem. 1999, 42, 2260-2265; Tidwell. R. R. 
J . Par^tol. 1998, 84, 851-856. FTirthermore. these molecules have shown anti&ngal 
activity in vitro against Candida albicans and Cryptococcus neoformans. See, Del Poela, M. 
et al J. Antimicrob. Chemother. 1999, 44, 223-228; Del Poeta, M. et aL, Antimicrob. Agents 
Chemother. 1998, 42, 2495-2502; Del Poeta, M. et al., Antimicrob. Agents Chemother. 1998. 
-^2.2503-2510. 

[0015] Although fliere are reports of antimicrobial activity of guanidino compounds. 
Us class of cationic compounds has not been studied as extensively as ^ amidino analogs. 
See Louiie et al.,.4m Trop. Med Parasitol. 1937, 31, 435-445. 

[00161 SUMMARY OF THE INVENTION 

[0017] Ihe synthesis, DNA-binding afiSnities and antimicrobial properties of 2,5-bis 
{[alkyl (or aryl) immo] aminophenyl} fuians and thiophenes are described. These compounds 
have the imino group of the amidine attached to an "anilino" nitrogen (in contrast to fte 
known amidino fiirans in which the imino group is directly attached to the aryl ring), mse 
compounds, hereafter, are referred to as "reversed" amidines. ITie various effects of placmg 
substituents on *e central phenyl rings of the 2>diphenylfuran framework of this class of 

compounds are also described. 

[0018] One aspect of the invention relates to novel compounds that are useM in 
treatmg microbial mfections caused by mobacterium tuberculosis. Trypanosoma spp., 
Candida albicans, AspergiUus spp., Cm^tosporidium parvum, Qiardia lamblia, Plasmodium 
spp. Pneumocystis carinii. Toxoplasma gondii, Fusanum solani, and Cryptococcus 
;«o/oma«..Compoundsofthepresentinventionhaveastxucturea^ 
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[0019] 
[0020] wherein: 

[0021] R„ R2. R3 and R4 are each independently selected from the group consisting of 
H, alkyl, alkoxy, halide, and alkylhaUde groiq)s; 

[0022] R5isH,alkyloraryl; 
' [0023] R, is H, alkyl, aryl, or NR^R*, wherein R7 and R. are each independently 

selected from the group consisting of a alkyl and aryl; and 
[0024] XisO,SorNR9,wherranR9isHoralkyl. 

[0025] Additional aspects of Ihe invention include pharmaceutical compositions 
comprising a compound having a structure according to Formula 1, or a pharmaceutical salt 
thereof Qe an "active compound"), in a pharmaceutically acceptable earner. 
Pharmaceutical compositions of Ihe present invention are useful in the treatment of macrob.al 
infections caused by A^obaderium tuberculosis. Trypanosoma spp., Candida albrcans, 
Asper^llusm.Cryptosporidnmpar^,Giard^^^ ^V.Fneumocyst. 
carinn,Toxoplasma gondii, Fusariwn solani. ^Cryptococcusneoformans. 

[0026] Certam aspects of the invention relate to methods of treating microbial 
ii^ons caused by Mycobacterium tuberculosis. Trypanosoma spp., Candida albicans, 
Aspergillus spp., Cryptospori^um parvum, Giar^ lamblia, Plasmodium spp., Pneumocyst^s 
carinii. Toxoplasma gondii, Fusarium solani. and Cnptococcus neoformans, in a subject m 
need of such treatment The method comprises administering 1o the subject a compound 
according to Formulas (D, or a pham^ceutically acceptable salt thereof, in an amount 
effective to treat the microbial infectioa 

[0027] A further aspect of the present invention is the use of the active compounds 
described herein for the manufecture of a medicament for the treatment of microbial 
ixrfections caused by Mycobacterium tuberculosis. Trypanosoma spp., Candida albicans, 
Aspergillus spp., Cryptosporidium parvum, Giardia lambUa, Plasmodium spp., Pneumocystis 
carina. Toxoplasma gondii, Fusarium solani. and Cryptococcus neoformans m a subject m 

need of such treatment. 

[0028] The foregoing and other aspects of the present invention are explained in detail 

in Ihe specification set forth below. 
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[00291 BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] no. 1 aiustrates various chemical schemes that may be useful in the synthesis 
of compounds of the present invention. 

[00311 DETAILED DESCRIPTION OF THE INVENTION 

[0032] The present invention now wiU be described more Mly hereinafter Avith 
reference to the accompanying specification and dravmgs, in which preferred embodiments 
of the mvention axe shown. This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodiments set forth herein. Rather, 

these embodiments are provided so that this disclosure will be thorough and complete, and 
will fuUy convey the scope of the invention to those skiUed in the art 

[0033] nie terminology used in the description of the invention herein is for the 
purpose of describing particular embodiments only and is not intended 1o be limiting of the 
mvention. As used in ti.e description of tiie invention and the appended claims, tiie smgular 
forms "a", "an" and "the" are intended to include tiie plural forms as weU, unless the context 

clearly hidicates otiierwise. 

[0034] Unless otiierwise defined, all technical and scientific terms used herein have 
the same meaning as commonly understood by one of ordinary skill in tiie art to which tiiis 
invention belongs. All pubhcations. patent applications, patents, and other references 
mentioned herein are nicorporatedby reference in tiieir entirety. 

[0035] With respect to the compounds of tiie formulas as used herein, tiie term "alkyl" 
refers to Cl-10 mclusive, Imear. branched, or cycUc, saturated or unsaturated (f..., alkenyl 
and alkynyl) hydrocarbon chains, including for example, methyl, etiiyl, propyl, isopropyl, 
butyU isobutyl, tert-butyl. pentyl. hexyl. octyl, etiienyl, propenyl, butenyl, pentenyl, hexenyl, 
octenyl. butadienyl, propynyl. butynyU pentynyl, hexynyl, heptynyl, and allenyl groups. The 
term -alkyl- spedficaUy includes cycloakyl hydrocarbon chains, which as used herem refers 
to 03 to C6 cycUc alkyl. such as cyclopropyl, cyclobutyl. cyclopentyl, and cyclohexyl. In tiie 
present invention, preferred alkyls are tiie lower alk^s. Hie term "lower alkyl" refers to CI 
to C4 hnear or branched alkyl, such as mefliyl, ediyl. propyl, butyl, isopropyl, sec-butyl, and 
tert-butyl. 

[0036] Hie term "alkyl" also encompasses substitiited alkyls, which mclude 
ammoalkyls, hydroalkyls, oxygen-substituted alkyls {U., alkoxy groups), and halogen- 
substitixted alkyls (i.e., alkyl halides, polyhaloalkyls). lUe term "aminoalkyl," as used herem. 
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refers to CI to C4 linear or branched amino-substituted alkyl, wherein the term "amino" 
refers to the group NR'R", and vAereLn R' and R" are independently selected ftom H or low 
alkyl as defined above, i. e. , -NH. -MICHs. -N(CH3)2, etc. The term •l.ydroxyalkyl" as used 
herein refers to CI to C4 linear or branched hydroxy-substituted alkyl, Le., -CH.OH. - 
(OiikOn etc. Ue term "alkoxy" as used herein refers to CI to 04 oxygen-substituted alkyl, 
. -OCH3. The term "loweralkoxy," as used herem, refers to CI to C4 linear or branched 
alkoxy, such as methoxy. ethoxy, propyloxy, butyloxy, isopropyloxy. and t-butyloxy. 

[0037] Tbe temis "haUde" has its conventional meaning and refers to fluoro. chloro. 
bromo, and iodo groups. Preferred haUde groups include chioro groups, and preferred alkyl 
haBdes of the preseol invenfion include CFj. 

[0038] The term "an*- "=«"'erdnieters to C3 to CIO cy^U aromatio auch 
as phenyl, naphthyl, and the Uke, and spedScally inclndes substitut«l ^ gronpa ntehdmg 
h« no. Bmited «. toW -bstituted phenyl, and snhstituted naphthyl. Aryl gn.»pa nmy be 
3,a««»4«ith haSde. annno. nitm. and the like. Hetetoeyelic a^madc rings and polyeyehe 
aron-aao ^ are also Muded in this definition of -aryl." Specific examples of an* 
groupa eneon^ by the present invention incl,* bn, are not linnted to snbsWnted and 
nnsnbstitnted pyndine, qpinoUne. eydopentadienyl. phenyl, fitran. tbiophene, pynole. pynnw 
U„ida»,le.iso.hia«*e,iso«zole.pyra.ole.pyradne.pyrin>idine.and,belte^ Ptefer^daryl 
g,„„psinchdepyridine.s.ibstitu.edp,ridine(e.g.,5-me.hylpyridine).andq^^^^^ 

[0039] lie con^nnds of the present invention are also use&l in the tonn of the« 
phaonace^ieally acceptable sit tana. Snch salts n«y include, but a„= not Ihnited to. the 
gluconate. bCte. acetate, tartarate. citrate, ph^hate, borate, nitrate, sul&te. hyd.obrom.de 
and hydrochloric salts of «.e con,»unds. Compounds of Formula (1) a»i then 
pharmaceuticaUy accepiable salts are .rfe^d to herein as "active compounds" or "achve 



[0040] Tbe confounds represe»ted by Formula (0 rmy be formed by synd.es,s 
^cednres that are descnbed in the Examples belo». as «.ll as by certain methods known m 
toart Someoffl«>lmo™me.hodsare,e.fc,a.belowintheBxamplesbydescripUonor 
b, reference (the disdosures of «Wch are aU hK^rporated hereto by refcret^e in to 

entirety). 

[00411 As noted above, the compounds, methods and composition, of the present 
invention are useftd for treating mfections caused by K^hacerlun. .uberaio^ 
Trypanos^ spp, CaM. Mc^. Asper^lus spp.. Oypm^rKUm, par«m. Ou^du, 
,a^M. ?U^<m spp, ?«^moosm cnmi. T«opto«. ^ 
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Cr^tococcus neoformans. In a preferred embodimeat, the methods and compositions of the 
present invention are used to treat WcobacterUm tuberculosis infections. > another 
preferred embodiment, the methods and compositions of the present invention are nsed to 
treat Candida albicans infections. In another preferred embodiment, the methods and 
compositions of the present invention are used to treat infections caused by Asper^lu^ spp. 
In another preferr«i embodiment, the methods and compositions of fte present mvention are 
used to treat infections caused by Trypanosoma spp. The present invention is usefiil for 
treating all kno^vn species of Trypanosoma, with Trypanosoma brucei rhodesiense and 
rr)pa«osoiria cruzi being particularly preferred. 
Table 1. Examples of inventive compounds 




Compound 
Number 



5a 



O Ri=R2 = H 



6a 



6b 



6c 



6d 



6e 



6f 



5b 



5d 



5e 



Sf 



6h 



61 



3. 



6k 



61 



6m 



DB686 



DB653 



O 



O 



o 



o 



o 



o 



o 



o 



R.=R2 = H 



NHAm 



]fflCf=Iffl)-2-Pyr 



Ri=R2 = H 



NHC(=lSlH)Ph 



Ri=R2 = H 



Ri=R2 = H 



Ri=R2 = H 



R.=H. R2 = CH3 



R.=H. R2 = CH3 



R.=H. R7. = OCH3 



R,=a R2 = C1 



R,=H, R2 = CF3 



O Ri=R2 = CH3 



O R.=H. R2 = CH3 



O 



O 



O 



O 



O 



O 



R.-R R2-CH3 



R,=H. R2 = CH3 



R,=H. Ra = CH3 



R.=R R2 = OCH3 



R,=H, R2 = C1 



R.=R2 = CH3 



Ri = R2 = H 



S Ri = R2 = H 



-NHC(=NH)Pb-4-CH3 



NHC(=NH)-c-hexane 



NHC(=NH)CH3 



NHC(=NH)CH3 



NHAm 



NHAm 



NHAm 



NHAm 



NHAm 



NHC(=NH)Ph 



2jH C(=NH)-2-Pyr 
NHC^ng^lQu. 



NHr,('=Nir>-2-Pvr-5-CH3 
NHCH«?):2:PyL 



NHC(=NH)-2-Pyr 



NHC(=NH)-2-Pyr 
NHAm 



NHC(==NH)Ph 



[0042] Examples of compounds of the present invention are set forfli in Table 1, in 
which Pf means pyridine, c-hexane means cyclohexane. Ph means phenyl. Am means 
amidine, and Qu means quinoline. 
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^Ive" a^ou^a^^ed herein is an — ofaco»p.-^ofFon»U(I)«.^^^ 

:a„evia.ce..,-^.-^.->;':^:ri:^ 

symptoms of tite infection, as long as the benenis oi aomuu 

L-».««-^i-i,n=ce^c^of^n.en,bia>infec.io.«.^aB^eaI.^ 

s^eCiseft«dbyadnnni*aaonofthecon,poundofFormula(D. 

[0044] Sui«b.e subject o£fl.e p,esen, invenUon include tan^ 
^ Z ia an anio* n-nnnals are prefer^. »i^ Uvea»ck and p™na« ^ 
^l.,pre,^H„n«nsa»*en.<«.pre,^-^i- Snbie* n.„» adnH. 
adolescent. iuvenae,iiifent, or neonatal. 

^ Sn^eC-ybcadn^^e^^poundsandoon^siaonsofa^^ 

^Uysa^abien^ 

, Undd or solid), inttamuscdar inj^on. snbcutaneons n,jecnon. and -W^o^ 

rTinv-^on in . phannaceu^* .eeep.abie carrier. Salable pb^^ 

i^Sr. in»-ons and in»a«ie»lar) and »nsdem^ adnnn.s.ra.0. Ita 
l^en^of^an^oninany^veneasen^ydependnpond^a^^ 

.t. condition being in ae su^ec .be nanne and sever,., o,^ """T^ 

^ ^ parfemar active oomponnd v*ich is being «sed. The fonnul.«on, ^ 

well known in the art. , . 

^ Ai^^YT^nt accordinc to the invention (the 
100461 In the manufecture of a medicament acxoromg 

A fh. nharmaceutically acceptable salts thereof (the 
-fonnulalion"), active compounds or the phamiaceuucai y rv.. corner 

.activecomponnds«)axe^icaDyadmixedv«^i^er.//..anaccep^^^^ T^^eca^- 
:rofcol..eacceptahle.thesei.ofhe.gcompatiMe..anyo.e^^^^^^ 

th^Lrmdation and must not be deleterious to the padent THe earner may be a solid or 
TSn^ and is preferably formulated ^th the compound as a unit^ose formulation. 
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^ example, a ^ «Mch »>y coa*. 0.5% «- 99% by of 

^ »Mch fcnn^aao. ™, ^ p^pared by a„, of »^ h>o™> .ed^ of 
L*. — of a^ - co^-e^ « — °~ " 

,0047] Fomulaflons .»*le for cal ad-uinis^on ma, be pr.3e««i m 

:^l.I,o«.asapo«*.o.^^e3.asaso«ono,a,„a^o^ 

ao, m*oa of » "bid. include, .he s«p of bnnga* »«o 

acL coo-po- »>d a soluble canie, (»bieb may co^aia 0^ or 
™ JUe.« » above, . genera, ^ fo— of *e tav««on ^ 
ZTbyHnly a»d l^V — acdve compo- a b,u.d or «.«.y 
Z^l carrier, or a,^ *en, if sbapin. .e reaoi^. 

Lpie a «bW may b. prepared by impressing or molding a powder or g»«l« 
^ acave eompoar^ or op.o.«Oly wi* one or more accessory mgred,««. 
:^l.e«maybe^b,«mp^>asni.ablemacbine*ec„n.p»-m 

sach a, . powder or gr^alcs opUonall, mixed a ba.d.. labn^ 
"^rTar^/c ^ acBWdispers^ agents). Molded «b,e. may be ma^e by 

^ or- -raiaisTra^oa ma, op«on^y «»de eateHc coaaags kao™ 
^ar.»pre««deg,»«iono,«-fi«aula«oaiad»s»aa«haadprov,de.e.»^ 

» prefaably i«*mic «idr fte blood of 4e mended recpreat Tl^se 

l^c wi*. blood of *e iale^ ^oipiear. A^eoaa ^ aoa-a,aeo. 
!ls.p^oasm.,i.».udesaspe*gagea«.ad*icl=cningagea.. ^^-^^^^ 
1 be pL-ed in aait^doae or rmrW^ «^ «>' -"^'^ ""^.f 
::sXbesU^iuaftee^.a0yop^^-»*«»"-^^°»'''^'-*7 
rr ^HleU oa^er. .r ^ aaliae or »a.er-fbr-.iec«<m — 
^ Ex.empora.««sinjecttoasol«»o,« and saapeasio.. may be .spared ftom^ri^^ 

^„de.s.grIa.eaaad«e.o,*e«p.ev,o«slydescHbea. P.examp..moaea.pe«of 
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the present invention, there is provided an injectable, stable, sterile con»position comprising a 
compound of Formula (I) . or a salt thereof, in aunit dosagp form in a sealed container. The 
compound or salt is provided in &e form of a lyophilizate which is enable of being 
reconstituted with a suitable pharmaceutically acceptable carrier to form a Uquid composition 
suitable for injection thereof into a subject The unit dosagp form typicaUy comprises fiom 
about 10 mg to about 10 grams of the compound or salt When the compound or salt is 
substantially water-insoluble, a sufficient amomit of emulsifying agent which is 
physiologically acceptable, may be employed m sufficient quantity to emulsify the compound 

or salt in an aqueous carrier. 

[0049] Further, the present invention provides liposomal formulations of the 
compounds disclosed herein and salts thereof. Ihe technology for forming Uposomal 
suspensions is weU known in the art. When the compound or salt thereof is an aqueous- 
soluble salt, using conventional Uposome technology, the same may be incorporated into lipid 
vesicles, to such an instance, due to the water solubihty of the compound or salt, the 
compomid or salt will be substantially entrained within the hydrophiUc center or core of the 
Uposomes. The Upid layer employed may be of any conventional composition and may 
either contain cholesterol or may be cholesterol-free. When the compound or salt of interest 
is v^rater-insoluble, again employing conventional Uposome formation technology, the salt 
may be substantiaUy entrained wilhin the hydrophobic Upid bUayer which forms the structiire 
of the Uposome. In either mstance, the Uposomes produced may be reduced in size tiirough 
the use of standard sonication and homogenization techniques or other techniques known in 
the art 

[0050] Of course, the liposomal formulations containing the pharmaceutically active 
compounds identified with the melhods described herein may be lyophilized to produce a 
lyophiUzate v^*ich may be reconstituted with a pharmaceuticaUy acceptable canier, such as 
water, to regenerate a liposomal suiq)ension. 

[0051] In addition to the active compounds, the pharmaceutic^ formulations may 
contain other additives, such as pH-adjusting additives. In particular, useful pH-adjusting 
agents include acids, such as hydrochloric acid, bases or buffers, such as sodium lactate, 
sodium acetate, sodium phosphate, sodium dtrale, sodium borate, or sodium gluconate. 
Further, the compositions may contain microbial preservatives. Usefiil microbial 
preservatives include mefliylpaiaben. propylparaben, and benzyl alcohol. The microbial 
preservative is typicaUy employed when the formulation is placed m a vial designed for 
multidose use. 
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[0052] Phannaceutical fonnulations of the present invention may comprise 
compounds of Ihe present invention in lyophiliz^d form. Alternatively, pharmaceutical 
fonnulations of the present invention may comprise compounds of the present invention m a 
pharmaceutically acceptable carrier. Such pharmaceutical formulations are generally made 
by admixing the compounds described herein wifli a pharmaceutically acceptable carrier. 
Phannaceutically acceptable carriers are preferably liquid, particularly aqueous, carriers, the 
selection of which are knoxvn in the art For the purpose of preparing such formulations, the 
compound may be mixed in a buffered saline (e.g.. pH 6 to 8) or conventional culture media. 
The formulation may be stored in a sterile glass container sealed vrith a mbber stopper 
through which Uquids may be injected and formulation withdrawn by syringe. 

[0053] With respect to aU the methods described herein, a therapeuticaUy efifective 
dosage of any specific compound, Ihe use of which is in the scope of present invention, may 
vary somewhat ftom compound to compound and subject to subject, and will depend upon 
the condition of the subject and the route of delivery. A dosage from about 0.5 mg/kg to 
about 15 mgAcg of subject body weight, or about 20 mg/kg of subject body weight, or even 
about 25 mgfl« of subject body Aveight may be employed for intravenous injection or oral 
administration. 

[0054] Tlie concentration of the compound of the present invention or a 
pharmaceutically acceptable salt thereof in a formulation of the present invention may be 
determined by the skilled artisan and wiU vary according to certain conditions, including the 
characteristics of subject being treated (e.g., species, age, weight), the severity and type of the 
infecting virus or the strain that the subject is being vaccinated against, the dosage fomx bemg 
used, and the like. 

[0055] nie compounds of the present invention may be administered in conjunction 
with other antiviral compounds, as may be determined by the skUled artisan. 

[00561 The present invention is explained in greater detaU in the Examples which follow, 
■mese examples are intended as iUustmtive of the invention, and are not 1x> be taken as limiting 
thereof. 



[00571 EXAMPLE 1 

(00581 General Methodology: Chemical Synthesis and Analysis 
[0059] Melting points were detemnned with a MEL-TEMP® 3.0 capUlaiy melting 
point apparatus and are micorrected. 'h nuclear magnetic resonance spectra were recorded 
on a Varian Unity4-300 or a Varian VRX 400 instrument, with peak assignments relative to 
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residual DMSO (2.49ppm) or CHCI3 (7-24ppm). Mass spectra were recorded on a VG 
Instruments 70^E spectrometer at the Georgia Institute of Technology, Atlanta, GA. 
Elemental analyses were performed by Atlantic Microlab. Norcross, GA. All final 
compounds were dried in vacuo (oQ pnmp) at 50-60 "C for at least 36 hours before elemental 
analysis. Unless otherwise stated, all reagent chemicals and solvents Cmcluding anhydrous 
solvents) were purchased from Aldrich Chemical Co., Fisher Scientific or Lancaster 
Synthesis and used as received. Acetonitrile (CaH^), triethylamine (CaH^). and ethanol 
(Mg/l2) were distilled from the indicated- drying agent 2.6-Dimethyl-4.mtrohromoben2«ne 
and S^(2-Naph1hyhnethyl) thioacetimidate were prepared according to the Uterature. See 
B.M. Wepster, Rec. Trav. Chim. 73, 809-818 (1954); D.N. Kravtsov, J. Orgarumetd. Chem. 
36, 227-237 (1 972); B.G. Shearer et al. Tetrahedron Lett. 38, 179-1 82 (1 997). 

' [0060] FIG. 1 sets forth representative schemes for the synthesis of compounds of the 
present mvention. Although the schemes set forth in the figure relate to fiiran con^wunds, 
the methods illustrated therein may also be carried out with analogous compomids such as 
Ihiophene compounds. Referring to FIG. 1, the synthesis for target compounds required the 
corresponding diamine compounds (Scheme 1). The synthesis of the diamino compounds 
begms with Stille coupling between a 2,5^stannyl foran or thiophene and substituted 
hromonitroarenes to form the corresponding 2,5-bis[nitrophenyl] furans and thiophenes. 
Reduction of the 2.5-bis-nitrophenyl heterocycles either by catalytic hydrogenation or by 
stannous chloride produced the de^ diamino compounds (Scheme 1). The required 
diamino analogs were obtained by the two step convei^ion of 2.5-bis[nitrophenyl] forans and 
thiophenes to amines involvmg Pd(0) coupling of benzophenone imine to form the 
corresponding arylimino compounds. The diguanidinium analogs were prepared by the 
reaction of the aryl diamines with Boc-protected S-methylthiourea in the presence of 
mercuric chloride (Scheme 2). Reaction of the aryl diamines with two equivalents of S-(2- 
nq,hthyhnethyl)thiobenzmudate produced the "reversed" amidines in good yields (Scheme 

4). , 
[0061] The 2.5-bis(4^ophenyl)fiirans and -thiophenes (Scheme 1) were prepared 

in good yield by reduction of the corresponding bis-niho derivatives using either catalytic 
hydrogenation (Fd/C). stamious chloride, or iron/AcOH. THe bis-nitro derivatives, m turn, 
were prepared by the palladium catalyzed coupling of 2,5-bis(tri-«-butylstamiyl)furan or 2.5- 
bis(trimethylstannyl)lhiophene with the appropriate halonitrobenzene. 

[0062] In the foUovring examples, compound numbers refer to the corresponding 
compounds in FIG. 1 . 
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[0063] EXAMPLE 2 

[00641 Preparation of 2^bis(4-mtr»phenyl)fiiraiis 

[0065] The following representative procedures are variations of a general procedure 
previously described in A. Kumar et d.. Heterocyclic Comm. 5. 301-304 (1999). 

[0066] 2.5-Bis(4-nitrophenyl)furan (Compound 2a). Yield: 880/0; orange flufiy soUd; 
mp 269-270 °C (not recrystaUized). Ut mp 270-272 °C. Ling. C. et al., J. Am. Chem. Soc. 
1994, 116, 8784-8792. 

[0067] 2 5-Bis(2-methyl.4.nitrophenyl)Jurar, (Compound 2b). To a solution of 2- 
bromo-5-nitrotoluene (4.32 g. 20 mmol) and tetrakis (triphenylphospine) palladium (0) (0.40 
g) in anhydrous l,4Hlioxane (50 ml) was added 2,5-bis (tri-n-butylstannyl) fuxan (6.46 g, 10 
^01) and the mixture was heated overnight under nitrogen at 95-100 "C. The resulting 
orange suspension was diluted with hexanes (15 ml), cooled to room-temperature, and 
filtered to give, after rinsing with hexanes, an orange soUd (3.10 g), mp 241-243 °C. The 
product was recrystaUized from DMF (100 ml) to give a bright orange fluffy solid (2.87 g, 
85»/.),mp 242-243 "C. 'H NMR (DMSO-4): 2.69 (s, 6H). 7.31 (s, 2H). 8.12 (m, 4H), 8.23 
(s, 2H). Anal. Calcd. for C,8H,4N205 (338.31): C, H,N. 

[0068] 2.5-Bis(2.methoxy-4-nitrophero>l)farc^ (Compound 2c). Yield: 77%; bright 
orangp gramdar solid; mp 308-310 "C pMF). 'H NMR (DMSO-4): 4.10 (s, 6H), 7.37 (s, 
2H),7.90(s,2H),7.94(d,2H).8^(«i.2H). Anal. Calcd.forCi^i4N.O7.0.1H2O (372.11): 

C,H.N. 

[0069] 2,5-Bis(2-cMoro^nitrophenyl)fiiran (Compound 2d). Yield: 71%; fluffy 
' orange soUd; mp 247-247.5 "C (DMFMeOH). NMR (DMSO-^s): 7.70 (s, 2H), 8.29 (dd, 
J = 8.8, 2.2 Hz, 2H), 8.36 (d, J = 8.8 Hz, 2H). 8.43 (d, J = 22 Hz, 2H). Anal. Calcd. for 
C,6H8Cl2N205 (379.15): C, H, N. . 

[0070] 2.5-Bis(4-mtro.2-tr^uoromethylphenyman (Compound 2e). Yield: 74%; 
flu^goldenneedles;mpl58.5-159'»C(EtOH). •HNMR(DMS0-rf6): 7.38 (s, 2H), 8.24 (d, 
J = 8.7 Hz, 2H). 8.57 (d, J = 2.4 Hz, 2H), 8.62 (dd, J = 8.6. 2.4 Hz. 2H). And. Calcd. for 
CigHgFsNzOs (446.26): C, H,N. 
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[0071] 2.5.BisQ.6-dimethyl-4-Tntrophef^m<m{Om^^ Yield: 65%; yellow 
needles; mp 156.5-157.5 "C (DMF/EtOH/HaO). 'H NMR (DMSO-dij): 2.34 (s, 12H), 6.85 
(s, 2H), 8.04 (s, 4H). Anal Calcd. for C2oHi«N205 (366.36): C, H, N. 

[0072] EXAMPLES 

[0073] Preparation of 2^bis(4-aminophenyl)ftinins 

[0074] (The following procedvnres are representative) 

[0075] 2.5-Bis(4^iru>phenyl)jurcm (iZom^^mA ^^). Yield: 94«/o; pale greenrtari 
solid; mp 218-221 °C, Ut*^ mp 213-216 °C. MS (EI): m/z 250 (M^- 

[0076] 2 5.Bis(4-ammo-2-methylphenyl)furan{C^m^y^A^h\ To a suspension of 
fte bi^niHo derivative 2b (2.87 g) in EtOAc (90 ml) and dry EtOH (10 ml) was added Pd/C 
(10%) (0 40 g) and the mixture was hydrogenated on a Parr apparams at an initial pressure of 
~50psi After the ^take of hydrogen subsided (generally 3-6 hours), the resulting solution 
v«s filtered over Celite and the pale yeUow to colorless filtrate was concentrated in vacuo to 
near dryness 1o give, after dilution with hexanes, the pure diamine as a pale yeUow/green 
soUd (2 17 g. 91%). mp 174-176 "C, which required no purification. »H NMR (DMSO-rfe): 
2.33 (s. 6H). 5.15 (br s. 4H). 6.42 (s. 2H). 6.46 (m, 4H). 7.35 (d. 2H). MS (EI): m/z 278 

[0077] 2,5.Bis(4^-2-methoxyphenyl)faran (Compound 3c). The original oil was 
reconcentrated with benzene to give a yellow/tan soUd which was triturated with ether, 
rield- 79%; mp 201-202.5 °C. 'H NMR (DMSOrfa): 3-80 (s, 6H). 5.25 (br s. 4H). 6.24 (dd, 
J = 8.3. 2.0 Hz. 2H). 6.30 (d. J = 1.9 Hz 2H). 6.56 (s. 2H), 7.48 (d. J = 8.4 Hz, 2H). MS (EI): 
m/z 310 (M^. 

[0078] 2.5-W-amino-2-cWoropW/;>ra«(Compound3d). To a suspension of the 
corresponding bis-nitro derivative 2d (1.22 g. 3.2 mmol) in dry EtOH (100 ml) and DMSO 
(20 ml) was added SnC1..2H.0 (5.80 g. 25.7 mmol) and the mixture was heated mider 
nitrogen at 80 "C. After 4-5 hours. ILC showed that starting material had been consumed, 
and thus the mixture was cooled, neutralized with NaOH (aq). and extracted with EtOAc. 
T^e extract was washed with water, brine, then dried (Na.S04) and concentrated. Tlie 
resulting oU was crystallized fiom benzene/hexane with partial concentration to give a hght 
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^ soM(0.74 g. 7,%). .BP .91.5.193 'C f ^'rt^ 

NMR (DMS(Wi): 5.60 (br 3. 4H), 6.61 (dd. , = ..6, 22^7^. 6-68 (d. I = 2^ Hz 2H). 
6.82 (s. 2H), 7.56 (d, I - 8.6 Hz. 2H). MS (ED: »»i 318 (ft). 

1^ («r c„p, 8,5-91 «C; (s«o„d ™p) 91.5-92 "C. 
5.79 (brMH). 6.52(3. 2HX6.82(dd,, = 8.4.2.4H^2H).6.98(d.I = 2^H^2H,.7«(a. 

1=8.4 H2,2H). MS(E0:in4386(M*). 

,00801 2 5-«.r^^»»<.2.6-<*^Mpte'^'J/i'-(C«»P<>'-'''). Yield: 99%; vMK 
a„4 soUd; n.p 144.5-146 "C. 'H NMR (DMSO^): 2.01 6H). 5.06 (br . 4H). 6^4 (s. 
. 2H).6.29(s,4H).MS(EI):m4306(J<). 

[Wmi EXAMPLE4 _ 
[IN»21 Frepara*.. .t2^W4-^.N'.4i-BOC-g«amdto.pl.»,.)far». d«™.«« 
[0083] (TtofoUovringprocedmes are representative) (See Scheme 2). 
10084] 2.i-Bi.f^Wi<r'-<fi-B0C««»./*»^W;/i«-"« (Co-P"""" ^'')- T° » """"^ 
.„„ .Woa of 2.5-bis(4.a..,ino^»l)<^ (0.626 g. 25 n^ol) »«. 1>«^.»^ 
taI^a,l>2.ne4,l-2-4iop^udo«ea (1.56 g. 5.3 mmol) in anhydrous DMF 

^^kylannn. (U9 ^ 15.7 nnnol) M,o™edb, me^ chloride 0 " ^ 

^ the reau.*^ SUSP-ion »33atod a. room-teorpera^reror 22 hou. A^*^ 

each and sodinm c^bonale ^ anspension »aa filled over ^ *e 

fite* was washed wdl wiU. vvater 0X) and finally wi* brine. Aft» drynrg (Na^OO. ^ 
solvent W3S renx-vod in va^o and the residue was dUuted v.th MeOH to grve *e BOC- 
^ bis-guanidi.e as a pal. yeUow .lid. The coUeCed prodnc. pw^b^ 
Lprecipitationiion. CHAMcOHto give a flu* yeUow solid (1.25 g. 68%), mp>«» C 
Z. ■HNMR(CDa3): ,.50 and 1.53 (2s. 36H). 6.65 (s. 2H). 7.66 (. 8H). 10.38 (br s. 2H), 

11.61 (brs,2H). 

10085] 2.i-ii.(2-»«%/-^««--<«-fiOC8»™*'»'PW;A^^ (Conn"- 
VelLw solid.n,>250-Cdec. Yield: 62%. .HNMR(CDCl3): 
2 53 (s. 6H). 6.60 (s. 2H,. 7.40 (s. 2H). 7.62 (d. 2HX 7.74 (d. 2H). 10.34 (s. 2H). 1 1.62 (br s. 
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[0086] 2.5-Bis(2-methaxH-N.N'-di.BOCgumidimphero>l)M^ {Confound 4c). 
YeUow solid, mp >300 'C dec. Yield: 79%. 'H IIMR (CDCI3): 1.50 and 1.53 (2s, 36H). 
3.95 (s, 6H). 6.95 (s, 2H), 7.13 (d, 2H), 7.59 (s. 2H). 7.86 (d, 2H). 10.36 (s. 2H), 11.55 (br s, 
2H). 

[0087] 2 5-Bis(2^hloro-4.N,N'MOCgmnidiruq>henyl)fura^ (Compomd 4d). Pale 
yellow/t^soUd,xnp>400°Cdec. Yield: 63o/o. >H NMR (CDCI3): 1.52 (s, 36H), 7.17 (s, 
2H), 7.63 (dd, 2H), 7.79 (d, 2H). 7.88 (d, 2H), 10.43 (s, 2H), 11.59 (br s, 2H). 

[0088] 2 5-5ivr2-/r,77i«>r^^./M-^-iV^.^'-'«-^^>C guanidinopkenyDJuran (Compomd 
4e). Bright orange soUd. Yield: 88%. 'H NMR (CDCI3): 1.51 and 1.53 (2s. 36H). 6.77 (s, 
2H). 7.82 (d. 2H), 7.94 (s. 2H), 8.00 (d, 2H), 10.52 (s, 2H). 11.59 (hr s, 2H). 

[0089] 2 5-Bis(2,6^imethyl-4-N.N'-di-BOC guanidinophem>l)Juron (Compound 4f). 
Pale yeUow/off-^^te solid, mp>300''C dec. Yield: 89%. •HNMR(CDC1,): 1.51 and 1.53 
(2s, 36H). 223 (s, 12H), 6.31 (s. 2H). 7.33 (s, 4H), 10.27 (s, 2H), 11.63 (br s. 2H). 

[0090] EXAMPLE 5 

[0091] Deprotection of W-di-BOC guanidines 
[0092] (The foUowing procedures are representative). 

[0093] 2 5-Bis(4.guanidinophenyl)Man dihydroMoride (Compound 5a). A solution 
of the corresponding iSr,iV-di-BOCguamdine (1.19 g, 1.62 mmol) in CH.Clz (15 ml) ^ 
diluted vnth dry EtOH (10 ml) and saturated at ice-water bath temperature with anhydrous 
HCl THe solution was then stirred at room-temperature for 2-3 days (drying tube), with the 
product slowly precipitating (shorter reaction times generally gave incomplete deprotectron). 
The resulting suspendon was concentrated to near dryness, withthe soUd then taken up m hot 
EtOH After filtering to clarify, the solution was concentrated to near dryness to give a 
suspen^on. which was diluted with ether and collected to yield, after drying in vacuo at 50- 
60 "C for 2 days, the bis-guanidine dihydrochloride as an off-white/tan soUd (0.66 g, 
quantitative). mp>300'-C dec. >H NMR (DMSO-rf.): 7.12 (s, 2H), 7.31 (d, 4H), 7.58 (br s, 
8H), 7.86 (d, 4H). 10.09 (br s. 2H). MS (FAB. thioglycerol): m/. 335.3 (Mlf . 100). Anal. 
Calcd. for Ci8H,8N6O.2HC1.025EtOH (407.30): C. H, N. 
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[0094] 2>Bis(4-guam«liiK>-2-methylphenyl)toan dihydrocWoride (Compound 5b). 
Tan soUd, mp 265-271 "C dec. 'H NMR (DMSO-d^): 2.53 (s, 6H), 6.93 (s. 2H), 7.17 (m. 
4H), 7.56 (br s, 8H), 7.82 (d, 2H), 10.06 (br s. 2H). MS (FAB, tbioglycerol): m/z 363.3 
(MH^, 100). Anal. Calcd. for C«ai2zN6O.2HC1.1.5H2O.0.66ElOH (496.93): C, H.N. 

[0095] 2 5-Bis(4-gumidim-2-methoxyphenyl)Juran dihydroMoride (Compomd 5c). 
Lightbro^vnsolid. 'H NMR (DMSO-./^): 3.95 (s, 6H), 6.92 (dd, 2H), 6.99 (d, 2H), 7.02 (s, 
2H) 758(brs,8H).7.95(d,2H),10.08(brs,2H). MS (EI): m/z 352 (M^ - NH^CN. 38.0). 
31o' (100). 267 (38.9), 251 (8.8), 155 (18.7). Arud. Calcd. for 
C2oH22N603»2HC1.1.0H20.0.33EtOH (500.57): C.H,N. 

[0096] 2 5.Bis(2-chloro^guanidmophenyl)Juran dihydrochloride (Compound 5d). 
Tan soUd, mp 300-304 "C dec. »HNMR (DMSO-rf^): 7.31 (s, 2H), 7.33 (d, 2H), 7.47 (s, 2H), 
7 72 (br s. 8H), 8.04 (d, 2H). MS (DCI. ammonia): m/z 365, 363, 361 (MH^ - NH,CN, 8, 52, 
78). 323, 321, 319 (11, 66. 100). Anal. Calcd. for C,»H,6ChN6O.2HC1.0.5H2O (485.21): C, 

H.N,C1. ^ 

[0097] 25 - Bis (4-guanidino.2-triflmromethylphenyl) furan dthydrocMonde 

(Compound 5e). Orange/red soUd. 'HmiR (DMSO-rfs): 6-99 is, 2H). 7.63 (d, 2H)^69 (s, 
2H) 7 79 (br s. 8H). 7.91 (d, 2H), 10.37 (br s. 2H). MS (CI, isobutane): m/z 471 (Mif , 14), 
429 000). 387 (19). Anal Calcd. for CoH.sFsNeO .2HCl.0.67H.O.0.67EtOH (586.24): C, 
H,N. 

[0098] 2,5.Bis(4.guamdim-2,6^methylphenyman dihydrochloride (Compound 
50 Off-wUte solid. »HNMR(DMSO^.): 2.20 (s. 12H), 6.56 (s. 2H), 7.01 (s, 4H), 7.57 
(brs, 8H), 10.09 (brs,2H). MS (FAB, fluoglycerol): m/z 391.2 (MHT. 100). .4na/. Calcd. for 
C22H26N6O-2HC1.0.5H2O (472.41): C, H,N. 

[0099] 2 5.Bis[4-(bemimidoyl)aminophenylJthiophene Free base: yeUow crystaUine 
solid, mp 284-286 °C dec (DMF/MeOHm,0). Yield:35%. NMR (DMSOde): 6.41 (brs, 
4NH) 6.91 (d, 4H), 7.40 (s, 2H), 7.44 (d, 6H), 7.62 (d, 4H). 7.97 (d, 4H). Hydrochlonde: 
yellow/orange solid, mp 304-306 °C dec. 'H NMR (DMSO-4): 7.56 (d, 4H), 7.67 (t, 4H), 
7 70 (s 2H), 7.77 (t, 2H), 7.90 (d, 4H), 7.95 (d, 4H), 9.13 (br s, 2H), 9.94 (br s, 2H), 1 1.71 (br 
s 2H) MS (ED: ^'Vz 472 (M^, 35.1), 369 (76.8), 266 (100), 103 (49.5), 76 (14.8). Anal. 
Ddcd. for C3oH^4S.2HC1.0.5Ha0 (554.52): C. 64.97; H, 4.91; N, 10.10. Found: C, 64.95; 
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H, 4.89; N, 10.14. 

[00100] 2,5'BisP'imthyl-4'(2-pyri(fylimim)cmin^ Free base: yellow 

crystals, mp 152-153 '^CCEtOH/HaO). Yield: 20%. NMR (DMS0-rf6): 2.46 (s, 6H), 6.60 
(hr s, 4NH), 6.82 (d, 2H), 6.90 (s, 2H), 7.16 (s, 2H), 7.42 (d, 2H), 7.55 (m, 2H), 7.95 (t, 2H), 
8.30 (d, 2H), 8.63. (dd, 2H). Hydrochloride: Yellow powder, mp xxx ""C dec. NMR 
(DMSO-dii): 2.54 (s, 6H), 7.36 (s, 2H), 7.39 (d, 2H), 7.48 (s, 2H), 7.66 (d, 2H), 7.85 (m, 2H), 
8.22 (t, 2H), 8.47 (d, 2H), 8.89 (d, 2H), 9.37 (br s, 2H), 10.12 (br s, 2H), 11.87 (br s, 2H). 
MS (EI):. Anal Calcd. for C3aH2sN6S*2.5HCl*1.25H20 (616.30): C, 58.46; H, 5.07; N, 
13.64; CI, 14.38. Found: C, 58.83; H, 4.92; N, 13.68; CI, 14.02. 

[00101] EXAMPLE 6 

[00102] Preparation of Compounds 6l>-6c (Scheme 3) 

[00103] The original route to the reversed amidmes (which was used to prepare 6b-c) is 
as follows. 

[00104] 2,5-Bis[4-(bemimidoylamino)phenyl]Jurari Dihydrochloride (Compound 6b) 
To a chilled solution of 2,5-bis(4-aminophenyl)furan (0.25 g, 1.0 mmol) in dry acetonitrile 
(10 ml) was added trietfaylamine (0.22 g, 2.1 mmol) followed dropwise by benzoyl chloride 
(0.30 g, 2.1 mmol) and the resulting suspension was stirred at room-temperature for 3 hours. 
Water (10 ml) was then added and the precipitate was collected, rinsed with water, followed 
by MeOH, and jBnally dried in vacuo to give 2,5-bis(4-benzamidophenyl)furan as a tan solid 
(0.44 g, 96%), mp 312-314.5 °C. NMR (DMSO-di): 6.98 (s, 2H), 7.52-7.62 (m, 6H), 7.80 
(d, 4H), 7.89 (d, 4H), 7.97 (d, 4H), 10.33 (br s, 2H). 

[00105] The intermediate bis(benzamide) (0.44 g, 0.96 mmol) was suspended in 
anhydrous dichloromethane (40 ml) and treated with freshly distilled fhionyl chloride (0.68 g, 
5.7 mmol) along with 2 drops of DMF and the mixture was refluxed with vigorous stkring 
until a solution was obtained (20 hours). The solution was then concentrated in vacuo to g^ve 
a yellow solid, which was co-evaporated with dry berrzene. The obtained imidoyl chloride 
was dissolved in anhydrous dichloromethane (40 ml) and the solution was saturated at 
iceAvater-bafh temperature with anhydrous ammonia and sealed. After stirring overnight at 
room-temperature, the turbid mixture was concentrated to give a yellow soUd, which was 
triturated with 0.5iV^ NaOH, collected, and an dried. This free-base (0.44 g, 100%) was 
dissolved in boiling EtOH (50 ml), filtered, and at ice-bath temperature was treated with dry 
HCl. After failed attempts at inducing precipitation with the addition of ether, the solution 
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was concentrated (high vacuum) to give the dihydrochloride as an orange hygroscopic soUd, 
mp 242-248 'C. 'H m4R (DMSCWs): 7.26 (s. 2H), 7.58 (d, 4H), 7.67 (t, 4H), 7.78 (t, 2H), 
7.95 (d, 4H), 8.03 (d, 4H), 9.12 (br s, 2H), 9.94 (br s, 2H). 11.66 (br s, 2H). MS (EI): m/z 
456 (I^, 100), 353 (63), 250 (62), 221 (16), 130 (15), 103 (41), 76 (14), 44 (22). Anal. 
Calcd. for C3oH24N40.2HC1.0.H-0.1(C2Hs)(545.87):C, H, N. 

[00106] 2,5 -Bis [4 - [(4-methylberamidoyl) amino] phenyl] fitran Dihydrochloride 
(Compound 6c). FoUowing the above procedure, 2,5-bis[(4-methylbenzamido)pheayl]furan 
was first obtained as a pale yellow solid by reaction of 2,5-bis(4-aininophenyl)fiiran (0.50 g, 
2.0 mmol) with 4-niethyIbenzoyl chloride (0.65 g, 4.2 mmol). Yield: 0.96 g, 99%; mp 348- 
350.5 ''C. 'H NMR (DMS0-<4): 2.39 (s, 6H), 6.98 (s, 2H), 7.34 (d, 4H), 7.79 (d, 4H), 7.89 
(dd,8H),1025(brs,2H). 

[00107] Subsequent conversion of the bis(benzamide) to the amidine was accomplished 
as above, with the exception that the precipitated product foUowing reaction with ammonia 
was collected by filtration and rinsed with EtOH to give the firee base directly (Yield: 34%). 
The dihydrochloride was obtained as an orange oily soUd which crystallized in vacuo, mp 
227-240 »C Oiygroscopic). 'H NMR (DMS0-c4): 2.44 (s, 6H), 7.24 (s, 2H), 7.46 (d, 4H), 
7.56 (d, 4H), 7.87 (d, 4H). 8.01 (d, 4H), 9.02 (br s, 2H), 9.89 (br s, 2H), 1 1 .66 (br s, 2H). MS 
(EI): m/z 484 (M^, 59), 367 (86), 250 (100), 221 (21), 130 (20), 117 (69). 90 (19), 44 (36). 
And. Calcd. for C32H28N4O»2HCl«0.5H2O (566.51): C. H, N. 

[00108] EXAMPLE? 

[00109] Alteniative preparation of bis-{[alkyl(or ai7l)iniino]aminophenyl}fiiran 

derivatives (Scheme 4) 

[00110] The foUowmg experimental is representative. In some cases, Ae product was 

purified by recrystallizatioa. 

[001 1 1] 2.5-Bis[2-methyl-4-(2-pyriifylimino)amim)phenyl]fiiran ((Compound 6h). To a 

solution of 2,5-bis(4-amino-2-methylphenyl)fiiran (0.30 g, 1.08 mmol) in dry MeCN (5 ml) 

was added dry EtOH (15 ml) and the solution was chilled briefly on an ice/water bath. S-(2- 

Naphthyhnethyl)thiobenziinidate hydrobromide (0.815 g, 227 mmol) was then added and the 

mixture was stirred overnight at loom-temperature. The resulting solution was concenteated 

to an oil, which was trihirated with ether to give a yellow soUd. The solid was collected, 

dissolved in EtOH and basified with NaOH (liV), and the fi«e base was extracted mto EtOAc. 
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Ate drying (Na,SO.) - removing fte of «.lve* «« resuHtog -P^^™ '« 

™^ no pmBcata. 'H NMR (DMSCW.): 2.51 (s. ffl). 6.60 (br a. 4NH). 6.77 (s, ffl). 
6.S7(».4H,.7.55(dd.2H),7.74(d,2H,.7.95(n.2H).«.(a.2H,...63Jft2.^ 

[001 12] To prepare the hydrochloride salt, fl» fiee base »as smpetKfcd in EtOH (40ml) 
and.n=a.ed»i.hdr,HClga.for5-10minatice-ba,htempe,a«r.e. Co^innedAringofto 
^6ng solution for 1 5-20 nmrotes gave an orange suspension ««.»as dflnted».h.te 

l):2.62(s.6H,,7.0Ms.2H),7.44(d,2H,,7.47(s.2H,,7.85(da,2H).7i«(a.m^^^ 
^. S.49 d, 2H, O, (d, 2H,. 9.36 (hr s, 2H,. 10.» (.. s. 2H), ll.SS (h. s. 2.«. »^ (EO- 
486 (M*. 100), 382 (77.9), 278 (12.8), .04 (20.0), 78 (8.8), 43 (28.9). ^ Calcd. for 
C3oH»N<0.3.5Ha-0.5H20 (62320): C, a N, a. 

1001131 25-mH2iVrtdyllMtru,)ammophenyl]M'«> (Compound 6a) Free base: 
X;t^soL.'n.':.-223"CpM.™0). .ield.5. ^.^J^ 

\y. 6.80 (br s, 4NH), 6.94 (s, 2H). 7.03 (d. 4H), 7.56 (m. 2H). 7.77 (d. 4H), 7.96 (m, m 
8 32 (d.2H) 8.64 (m.2H). Hydrochloride: Orange/red powder, mp>175 C dec. HNMK 

7 A 2H,. 7.58 (d, 4H). 7.8S (dd, 2H,, 8.03 (d, 4H,, 8^ (. 21,, 8.2 (. 
^ 8.8, (d, 2H), 9.39 (ic a, 2H,. 10.,6 (br s, 2H), 11.91 (br s, 2H). MS m -^M^ 
,00), 354 (49.1X 250 (27.6), 221 (8.9X 130 (9.4), 105 (13.6), 78 (8.6). ^ Calcd for 
Cjrfli!N4035HCl (586.12); C, H,N, CI. 

100114] 2 S-BU[4-(cych)^lmlm)amimvher¥Jfi-r'«' (Compomd Si) Free base: 
pI,eU0»ne«ihs,mp242-243"Cdec(E«DAc). Yield: 17%. ■hNMR(DMSOA): I^IS- 
WO (m. 20H), 2.14 (m, 2H). 5.7, (br s. 4NH,, 6.82 (», 2H,, 7.63 (d. 4H). [A 41% ycM of 
^ mn^^nidine/mono-amine (ftee base, yeiiow »>.id. mp ,95-,96 -Q was ^J>y 
„ta„,^hy » siBca (EtOAc-MeOH, 9:,). The insoluble nann. of 4e reaenon medr^ 
«,s .be likely cause of fte irrcomplete reacdon.] Dihydrochloride: .an/peach soUd mp 244- 
248-Cdec 'HNMR(DMSO-rfd: 157(m,6H), 1.63-..96(m, 14H),2.72(m,2H),7.22(s, 
2H) 7 40 (d. 4H), 756 (d, 2H), 8.60 (br s. 2H), 9.34 (br s. 2H). , 1.39 (br s, 2H). MS (FAB, 
Moi^ycerol): »^ 469.4 (Mtf, .00). C^^^ 
qjoHMN<0.2Ha^.75E«)HrtJ5H20 (580.60): C, a N. 

[001151 2,J-W<-(!»»«»^>'™'«<^^-'«^*''P'^'^^^ (Compound 6g) Free 
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b,3..,eUowc*Jline solid. r«ld: 60%. 'H NMR (DMSCMO: 2.48 (s. 6H). 6.50 (br =. 
6.,S,rm6.S4<.4„,.7..(.6H,,.7Ua.m7.95(a.4H, H^„^ 

(„, 4H) 7.63-7.68 (m, 4H), 7.75-7.80 (», 2H). 7.94 (d. 6H). MS (BQ: »^ 484 (M^. m 
3:;(^;2,278(37.,).a35(5.4,.2.8(U,..90(5.5,I44(n.«..03(3XS),7^(«>^- 
Calcd. for CjJW.0.2Hart.5Hrfl.569.39): CRN. 

r0OI161 2.5-Bis(2^<t^l-4-(2^imlyln.i.o)am,«,pl<e^]M<-. iP«^ «)■ 

\ ™ 168 169''C (EtOH). Yield: 52%. 'H NMR (DMSO-4); 

base: orange powdery crystals, mp 168-169 c Ibtun, _ , , ,m s 07 fd. 

2.54 (s. 6H), 6.80 (s. 2H,. 6.95 (o. 4H,, 7.6, (o.. 2H), 7.78 (d. 2H,. 7.84 (o. 2H, 8^ (4 
2H) 8 12 (d, 2H), 8.44 (d, 2H). 8.50 (d, 2H). DihydroehloHde: orange sold rr^ >185 C 
r 'H «^ZsO^): 2.65 ,s, ^ 7.10 (s. 2H). 7.50 (n. 4H). 7.85 («. 2H) 8.01 (a.. 

8^ (d. m 8^ 2H,. 8.46 (d. 2H,, 8.80 (d. 2H,, 9.44 (br s. 2H,. 10.1 ^ . 2H,. 
^^8 (br t 2H,. MS (FAB. d^oglycerol, 587.2 (Mif . 100). M Ccd. 
C3,Ih(>N«O.2.0HC1.1.75H2O{691.13):C,H,N,Cl. 

100117] ,.i-Bi,p^-4^5-meO^-^-pyrUknn.i«)'m''^'-'^'Jfi''" '^'^^ 
«) F« base: yellow crys-oe solid, »>p 156-158 ■■C(Et,0/hexanes). r,eld: 74%. H 

1. COMSoi: 237 (s. 6H,. 2.50 (s, 6H,, 6.55 (br s, 4K1^ 6.75 (. m ^ 5 0. 4^ 
7.71.7.76 (m. 4H), 8.18 (d, 2H). 8.45 (s, 2H). Hydroehloride: orange «.Ud, MP M^^^^ 
.H»MR(DMSO*)= 149 (s.6H),X62(s,6H),7.08{s,2H),7.43(d,2H).7.47(s, 210,7.85 

1^X98 (d, 2H, 8.03 (d. 2H), 8.42 (d. 2H), 8.74 (s, 2H), 9.29 (br s. 2H,, 10.07 (br . 
^ :;'8, (. s, .H). MS (HI,: ^ 5,4 (K., .9.2,, 396 ,100,, 278 (34.5,, H4 „ 118 
(33.6X 91 (13.6X 43 (22.8). ^ CaM. fer Wrf).3^HCM.75H.O (646.62): C, ft 



N,C1. 



1001181 2,5-B^P-nu^hm^<2-pyrmn*u,)an«mphenfm^^ (Compound 61* 
F^ebase: BrtgB yeUow erys-n. solid, .np 19^197°C (E«Ac/Et,0). Yield: 75%^ H 

(DMSO-*): 3.92 (s, 6H,. 6.64 and 6.67 (d. 2H and a. 2H, — 
Signal), 6.8, (s, 2H,, 7.55 (dd. 2H). 7.86 (d. 2H,. 7.95 (n. 2H). 8.32 (d, 2W, 8.3 (d. W 
om,lcblodde:Wek orange solid, n^>180«C dee. 'H NMR (PMSW.): 4.00 
TZ 2H) 718(d,2H).734(s.2H),7.85(dd,2H,,8.13(d,2H,.8.22(,2H,,8.4,(d,m 
8 d 2^' ,3,(brs,2H,10.15(brs.2H),11.8,(br.2H,. MS <E«: 518 (N^, 10«, 
^ ^^37. (13.3), 310 (117). 267 (9.U 155 (6.02), 104 (25.9, 77 (9.6), 43 (13.6). 
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C.H«N.O.10Ha.l0ftO(«7.51)-.C.H.N.a 
4;,a/.Calcd.forC^aoCl2N6U 

. /TAii-flrt (Compound 6m)- 

^ ^ !t 128 (s 12H). 6.68 (s, 2H). 7.28 (s. 4H), 7.M ( . ^_ 
cl^^.3.75Ha-..5ftOC66«.35):C.aKa 
1001211 EXAMPLE* 

<^'^^' ; lT4ol4H,,7.94(d.4H).8.52(?.s.2H) ».« 

;:c..7o-c.2..j«^xm.^^t^33,.c^«.. 

0,rs.2H),U.13(l.rs.2H).'««Stf • 
C^.O.2.0HBr(494.23)-CH.N. 

\ ^f, Fluft tWyeUow soUd, mp 282.5 284 ^ , , 27 (d, 2H). 7.28 (s, 
'"^t^r^t; 0. m9.42(..s,2H),n..2(..mMB(. 
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(Mif.lOO). Ami Calcd.forC2oH2oN402.0HBr.0.3MeOH(531.89):C,H.N. 



(00126] EXAMPLE 9 

[00127] Preparation of pyridine-2-tluocarboxaiiiide 

[00128] Adapting the general method of Taylor, a mixture of 2-cyanopyridifle (7.28 g, 
7 0 mmol) and thioacetamide (10.52 g, 14.0 mmol) was treated with 60 ml of HCl-saturated 
DMF and the solution was stirred vigorously in an open flask on an oU bath set initially at 80 
oc (the temperature gradually rising to 95 "C over the coarse of the reaction). Taylor. E. C. et 
al J. Anu Chem. Soc. 1960, 82, 2656-2657. After 80 minutes (TLC monitormg), the 
."Suiting orange suspension was cooled, neutralized with con. NaOH/ice, and extracted w.th 
EtOAc me extract was washed with water (3x) and then concentrated to a light brown solid 
which was triturated wilh warm water and coUected. TT.e dried product was passed over a 
siUca gel column eluting with EtOAc:hexanes (2:1) to give, after removal of most of the 
solvent and dilution with hexanes. a yellow crystalline solid (6.36 g, 66%), mp 136-137 C; 
litmpl37'C. 

[00129] 5.Methylpyridine-2-thiocarboxamide. Prepared as above from 2-cyano-5- 
n^elhylpyridine v«th a reaction time of 30 minutes. See Moynehan, T. M. et al., J. Chem. Soc. 
1962 2637-2658. Yield: 59o/o. Gold crystals, mp 172.5-173 "C. NMR (CDCI3): 2.39 (s, 
3H), 7.60 (hr s, NH), 7.61 (dd, IH), 8.31 (d, IH), 8.57 (d, IH), 9.42 (br s, NH). 

[00130] EXAMPLE 10 

[00131] Preparation of 5-(2-naphfhylmethyl)thioimidates 

[00132] Hie following new 5-(2.naphthyhnethyl)thioimidates were prepared accordmg 
totheliteraturebyreactionofthewriatetMoamidewi1h(2-bromomethyl^^^^^ 
refluxing CHQs (EtOH-fiee) for 1.5 br. See Shearer. B. G.; et al.. Tetrahedron Lett. 1997 
38, 179-182. Afl«r dilution with ether, the precipitated product was collected, rmsed with 
ether, and dried in vacuo. 

[00133] S.(2.Nc^hthylmetfo^l)cyclohexar^tUomidate.^^^^ Yield: 91%. White solid, 
mp 192-192 5 "C. 'H NMR (DMSO-d^): 1.14-1.32 (m. 3H), 1.45-1.53 (m, 2H). 1.63 (d. IH). 
1.76 (d, 2H). 1.87 (d, 2H). 2.84 (t, IH). 4.73 (s. 2H), 7.53-7.56 (m, 3H), 7.89-7.97 (m, 3H), 
8.01 (s, IH). 
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[00134] S<2-Naphthylinethyl)Moben2iimdate.HBr. Yield: 94%. White soUd, mp 
210-212 "C dec. NMR (DMSO^): 4.90 (s, 2H), 7.54-7.62 (m, 2H). 7.62-7.66 (m, 3H). 
7.78-7.82 (m, IH), 7.88-7.99 (m, 5H), 8.06 (s, IH). 

[00135] S-(2-Naph%lmethylV2-pyridylthioiniidate.HBr. rield: 58%. White fluffy 
soUd, mp 192 "C dec. 'H NMR (DMSO-de): 4.80 (s, 2H), 7.53-7.57 (m, 2H). 7.59-7.62 (dd, 
IH), 7.76-7.79 (m, IH), 7.90-7.97 (m, 3H), 8.05 (s. IH), 8.10-8.14 (m. IH). 826 (d. IH), 
8.78-8.80 (m,lH). 

[00136] S-(2-Naphthyhiiethyl)-5-methyl-2-pyridylthioimidate.HBr. Yield: 65%. White 
flu^ soHd, mp 190-191 "C dec. 'H NMR (DMSO-rffi): 2.42 (s, 3H), 4.79 (s, 2H), 7.53-7.57 
(m, 2H), 7.59-7.62 (dd, IH). 7.90-7.97 (m, 4H). 8.05 (s. IH), 8.17 (d, IH), 8.64 (s. IH). 

[00137] S-(2-N^hthytoeAyl)-2-qiiinolylthioimidate.HBr. Yield: 23%. Light tan 
fluJ^ soUd, mp 184-186 "C dec. »H NMR (DMSO-rfs): 4.73 (s, 2H), 7.53-7.55 (m, 2H), 
7.62-7.64 (dd, IH), 7.78 (t. IH). 7.87-7.97 (m. 4H). 8.07 (s, IH), 8.12 (d. 2H), 8.28 (d, IH), 
8.66 (d,lH). 

[00138] EXAMPLE 11 

[001391 Biological Testing Of Inventive Compounds: Materials and Methods 
[00140] Differences in thermal melting values (ATm) were determined and DNA 
samples were prepared as previously described in Boykin. D. W. et al.. J. Med Chem. 1998, 
41, 124-129 andFrancesconi,!. etal., J Med. Chem. 1999.42.2260-2265. 

[00141] Mycobacterum tuberculosis susceptibiUty testing. The compounds of the 
present invention were tested againstM /«6erc«to^ H37Rv in BACTEC 12B medium using 
a fluorometric broth microdUution assay, the Microplate Alamar Blue Assay (MABA), 
according to Collins, L. et al.. Antimicrob. Agents Chemother. 1997. 41, 1004-1009. 
Compounds were initially assessed at 6.25 ug/ml and those effecting a reduction m 
fluorescence of at least 90% relative to untreated cultures were further evaluated for MIC by 
testing at lower concentrations. The MIC was defined as the lowest concentration of 
compound effecting a reduction of > 90% of the relative fluorescence units relative to a 
control culture. Antimycobacterial data were provided by the Tuberculosis Antimicrobial 
Acquisition and Coordinating Facility (TAACF)) through a research and development 
contract with the U.S. National Institute of Allergy and Infectious Diseases. 
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[00142] Antifimgal Test organisms. The fungi used in this study for all the 
compounds in Table 1 included two reference strains C. albicans A39 and Aspergillus 
Jumigatus (strain 168.95). Expanded studies on 6j employed the fungi listed in Table 3. 

[00143] Medium. Antifungal susceptibiUty testing was performed with RPMI 1640 
medium (Sigma Chemical Co., St Louis, Mo.) with glutamine, but without sodium 
bicaibonate and buffered at pH 7.0 with 0.165 M morpholinopropanesulfonic acid. 

[00144] Antifungal in vitro susceptibility testing. Experiments for detenninaton of 
MICs of yeasts were perfonned by the broth macrodilution method according to the 
^mmendations of the National Committee for Clinical Laboratory Standards. See 
Nanonal Committee for CUnical Laboratory Starulards. Referer.ce method for broth 
dilution susceptibiUty testir^g of yeasts Document M27-T. Tentative standard, National 
Committee for Clinical Laboratory Standards, Wayne, Pa., 1995). Hxe only difference 
compared to ^ standardized method was the choice of drug dUutions, which ranged fiom 
100 to 0 09 jig/ml. Briefly, Ihis melhod specifies the use of an inoculum grown at 35°C and 
adjusted to a concentration of 0.5 x lO' to 2.5 x lO' CFU/ml, incubation of the culture at 
SS-C and reading at 48 h for all yeasts except for C. neoformans, for which the results are 
interpreted at 72 h. Tlie MIC was defined as the culture with the lowest drug concentration m 
which a visual turbidity lessthanor equal to 80% inhibition compared to lhat produced by the 

growth control tube was observed. 

[00145] Tbe minimum fungicidal concentration (MFC) was determined by plating 100 
^ aUquots fiom tubes showing complete inhibition of growth on Sabouraud agar plates. Tbe 
lowest drug concentration that yielded three or fewer colonies was recorded as the MFC . 

[00146] Molds were tested by the same method but with the foUowing modifications. 

Isolates were grown on Sabouraud dextrose agar at 30°C, after adequate sporulation occurred 
(4 to 14 days); conidia were harvested by flooding the colonies with a sterile solution of 
0 85% NaCl and 0.05% Tween 80 in sterile distilled water. Inocula were prepared with a 
hemocytometer for counting and were then diluted withRPMl 1640 medium to obtain a final 
inoculum size of approximately 0.5 x lO' to 2.5 x lO' CFU/ml. H^e inoculum size was 
verified by plating an aliquot of the inoculum. The cultures were incubated at 30»C for 48 to 
72 h or until growth in the control tube was visible. 



[00147] EXAMPLE 12 

[00148] Results of Biological Testing 

[00149] Melting temperatures were measured for tiie compounds 5 and 6 bomid to poly 
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dA.dT to obtain a quaUtative evaluation of the DNA binding affinity of these dmg candidates 
(Table 2) Hie difference in Tm values between the drug-DNA complexes and free DNA in 
solution (ATm) provides a useful tool to assess the interaction strength of Hie molecules with 
DNA Since several of the compounds bound very strongly to poly dA-dT (Table 2), the 
interaction of these compounds with the Dickerson-Drew dodecamer d 
(CGCGAATTCGCGh (SEQ ID NO: 1), a DNA with a different and shorter AT sequence and 
different groove characteristics, was also studied. The reduced binding of the drugs to the 
dodecamer reflected by the lower ATm values of the drug-dodecamer complexes (Table 2), 
allowed for a better relative comparison of tiie DNA binding affinity of Ihese putative mmor- 
groove binding componnds. 

Table 2. In vitro Antimicrobial Activities and DNA binding results for inventive compomids. 



C albicans 



Comp. 
No. 



5a 



6a 



6b 



6c 



MIC 
(Ug/nni) 



12.5 



MFC 
(Ug/ml) 



25 



Nt 



25 



>100 



6d 



6e 



6f 



5b 
5c 



5d 



5e 



5f 



6h 



61 



6L 



6k 



61 
6m 



DB686 



DB6S3 



>100 



>100 



>100 



l.(M 



10 



10 



10 



Nt 



3.12 



10 



100 



<1 



<1 



100 



10 



4.17 



>100 



nt 



50 



nt 



Aspeivillus fumieatus 



MTb 



MIC 



100 



nt 



nt 



nt 



nt 



nt 



nt 



2.08 



100 



100 



10 



nt 



6.25 



10 



100 



10 



<1 



>100 



100 



100 



>100 



MFC 



>100 



% 
Inh' 



nt 



nt 



nt 



>100 



>100 



nt 



33.4 



100 



100 



100 



nt 



nt 



10 



100 



10 



<1 



>100 



4.17 



>100 



10 



>100 



33.4 



100 



100 



100 



nt 



nt 



100 



nt 



nt 



<1 



nt 



>100 



MIC 
(ug/ml) 



DNA Affinities' ' 
ATm 



3.13 



(AT) 



ATm 
oligo) 



1.56 



1.56 



<6.25 



nd 



18 



<6.25 



nd 



<1 



21.6 



19.6 



7.5 



28.6 



>28 



26.7 



15.9 



14.5 



16 



3.13 



17.8 



15.2 



26.1 



5.9 



2.7 



<1 



<1 



<1 



24.9 



22.6 



7.5 



24.3 



19.0 



5.2 



5.7 



20.2 



0.8 



15.0 



15.4 



12.8 



6.0 



2.4 



6.9 



2.8 



0 



1.4 



8.9 



1.1 



10.8 



7.8 



0 



1.2 



12.8 



(a) % hihibition at 6.25 ug/ml 

(b) AT = poly dA^T; oligo = d(CGCGAATrCGCG)2 

(c) nt = not tested 

(d) nd = not determined 



[00150] 



The parent diguanidino compound 5a showed a strong affinity for DNA as 
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judged by the ATm values for both poly dA^T (21.6) and the dodecamer (10.8). IHese 
values compare well to those (25 and 11.7) for the paient anudine 2,5-bis [4-amidmopheayl] 
farm suggesting litfle difference in affinities in this core foran structure for the amidine and 
guanidine cationic centers. Based on the comparison of ATm values for binding to the 
dodecamer for the parent diguanidino 5a and for the various reversed amidine congeners 6a- 
6e, several interesting effects resulting from stmctural variation of the terminal ffoups are 
noied. First, reversed amidines bearing phenyl, substituted phenyl or cyclohexyl terminal 
ffov^ (6b, 6c and 6d) showed an increase in affinity over that of the parent diguanidmo 5a. 
In a related series of diamidines, such an increase in affinity with increasing bulk of terminal 
groups was attributed to increased van der Waals interactions of the terminal groups with the 
walls of the minor-groove and such is likely the case in this system. Interestingly, the ATm 
value for the compound with a terminal 2-pyridyl group 6a is significantly lower than that for 
its phenyl counterpart 6b. The lower.afBnity of 6a may suggest a different binding mode or 
different base pair selectivity for the two structurally closely related dicationic analogs. 
However, introduction of a methyl group on each of the two phenyl rings of the 2,5- 
diarylfiiran system witii a terminal phenyl group, 6g. resulted in lowering of the ATm value to 
one similar to that of its pyridyl counterpart, 61i. The use of small alkyl terminal groups, 
methyl groups as found in 6e and 6f, also led to a significant drop in binding affinity. 

[00151] The placement of a single substituent on each of flie two phenyl rings of the 
2,5-diarylfiiran fiameworic produced striking differences in ATm values for bolii the 
diguanidine and reversed amidine series. Again, based on the comparison of ATm values for 
binding to the dodecamer for the diguanidme series, it is noted that placement of single 
substituent of roughly the same size but of differing electronic properties on the phenyl rings 
resulted in a lowering of the ATm values; compare the values of 5a with 5b-Se. The most 
dramatic effect was observed for the strongest electron-withdrawing group, the CF3 of 5c, 
which reduced the ATm value to zero. 

[001 52] The ATm values for a series of compounds with terminal 2-pyridyl groups (6a, 
6h-6m) showed a different sensitivity to substituents. In tiiis case, tiie inbxjduction of a single 
substitiient on each of the two phenyl rings of tiie 2,5-diarylforan framework caused littie 
effect on the ATm values when tiie substitiient was metiiyl (6h) or metiioxy (6k). However, 
introduction of a chloro group (61) resulted in significant reduction of tiie value, perhaps m 
part due to a pK eflfecL Hie detrimental effect of tiie chloro group on tiie ATm was much 
greater for tiie pyridyl derivative 61 tiian for tiie analogous guanidine 5d, possibly due to tiie 
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lower basicity of the reversed amidine in comparison to the guanidine. In agreement vnth the 
results from the diguanidine series, the introduction of two methyl groups on each of the core 
phenyl rings (6m) also dramatically rednced ^ DNA affinity. Interestingly, replacement of 
the terminal 2-pryidyl with a 2-quinoyl group (61) also resulted in a significant reduction of 
the ATm suggesting definite limits on the dimensions of the terminal groiq.. On the other 
hand, the introduction of a methyl group on the terminal pyridyl ring (6j) sUghtly enhanced 
the binding affinity. 

[00153] The antimicrobial data for these compounds are also summarized in Table 2. 
The greatest activity amongst Hxe diguanidino compounds was found for 5a and 5b. v*ich 
showed good in vitro activity against both Candida albicans and Afycobacterium 
tuberculosis. lUcse compounds gave MIC values between 1 to 3 ^g/ml against both 
organisms. Both compounds were fimgicidal against C. albicans. H^e 2,5-bis [alkylimmo] 
anrinophenyl] fiuans (6d. 6e. 6f). in general, did not show significant antimicrobial actvity, 
although compound 6d. with the larger cyclohexyl group, did exhibit some activity agamst 
M tuberculosis. 

[00154] Hie 2.5-bis [arylimino] ammophenyl] fiirans can be divided into two groups: 
Aose in which the temrinal group is phenyl or substituted phenyl and those in which it is 2- 
pyridyl or substituted 2-pyridyl. The temnnal phenyl group class of compounds did not 
exhibit high antifimgal activity, however, both 6b and 6g did show significant activity agamst 
M tuberculosis with MIC values of 0.78 and 1.56 ^^ml, respectively. Four of the 
compounds in the terminal pyridyl group class (6a, 6h, 6j and 6k) showed promising activity 
agamstK tuberculosis ^fi^MlC values rangmg from 1.0 to 2.0 ixg/ml. Mo^of the 2-pyndyl 
compounds exhibited only moderate antifimgal activity. As exceptions, 6j and 6k showed 
activity at the MIC level of < 1 .0 ng/ml against C. albicans, and 6k showed a similar level of 
activity zgsaast Aspergillus fumigatus. 

[00155] m order to evaluate Ihe spectrum of antifimgal activity of these compounds, 
pyridyl-substituted amidines 6] and 6k were selected fi>r studies against other pathogenic 
&ngi (Table 3). Compound 6j was quite effe«itive against C. albicans and exhibited 
fongicidal activity against several strains. Compomid 6j was less effective versus both 
Aspergillus species. Compound 6j showed good fimgicidal activity versus Rhizopus arrhzus; 
however, it was not very effective against the rr^old- Fusarium solani. Compound 6k did not 
show significant activity in the expanded fimgus panel. 

[00156] To smnmarize, dicationic 2.5-bis (4-guanidinophenyl) fiirans 5a-5f. 2.5-bis [4- 
(arylimino) aminophenyl] fiirans 6a^c 6g-6m, and 2,5-bis [4-(alkylimino) aminophenyl] 
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forans 6d^f have been synthesized starting from 2.5-bis [tri-n-b«tylstannyl] foran. Tl»ennal 
n^elting studies vdth poly dA-dT and fte duple, oligomer d(CGCGAATrCGCG)z (SEQ ID 
NO- 1) demonstrated high DNA bhuimg affinities for a number of the compounds. Both the 
guanidines and the reversed amidines in the 2,5-diaryl&ran series have strong DNA bindmg 

properties. 

[00157] Compounds in both these classes show both antiftogal and anti-mycobacterid 
activity. In addition, they may be broad-spectrum anti-fimgal agents. Of the nmeteen novel 
dicadonic compounds synthesized, six (6a, 6b, 5b, 6h, 6j, 6k) exhibited MICs of 2 pg/ml or 
less versus Mycohacterium tuberculosis. Of the nineteen screened against Candida albicans, 
four gave MICs of 2 jxg/ml or less (5a, 5b, 6], 6k) and two (5a, 6k) were fungicidal, unlike a 
standard antifungal drug Fluconazole which was fungistatic. One of the tested compounds 
(6k) exhibited a MIC of 1 jig/ml and was also fungicidal for Asper^llus fimigaius. Some 
compounds possessed inhibitory activity against Cryptococcus neoformans but all appeared 
less potent forthis pathogenic yeast compared withC. albicans A jumigatus. 

[00158] Evaluation against Trypanosoma brucei rhodesiense in vitro showed that the 
(arylmuno) aminophenyl fiuans, especially when aryl is 2-pyridyl, were effective in the 0.02 
to 0 1 ^g/mL range; approxhnately 1/10 as effective as pentamidine and furamidine. In 
contrast, these new compounds are ten times more e^tive than pentamidine and 
foramidine, and comparable in activity to benznidazole, agamst T. crvzi. 

Table 3. Evaluation of Compound 6j against an Expanded Fungus Panel 



Genus, species, isolate number 



Aspersillusflavus 194.99 



Aspergillus, flams 1 07.96 



Aspergillus flams 141.88 



Aspergillus fimizatus 168.95 



Aspergillus fimigatus 1 82.99 



Aspergillus Jumigatus 1 19.00 



Aspergillus fumigatus 165.86 



Aspergillus famigatus 153.90 



Fusarium solani 152.89 



Rhizopus arrhizus 117.89 
Candida albicans 116.98 



Candida albicans 159.95 



Candida albicans 149.97 



Candida albicans 156.97 
Candida albicans 126.97" 



Candida albicans 117.00 



Candida albicans A39 



MIC 80% 



3.12 



3.12 



3.12 



50 



3.12 



3.12 



50 



3.12 



3.12 



0.78 



1.56 



0.79 



0.78 



1.56 



1.56 



0.78 



1.56 



MIC 100% 



6.25 



50_ 
50 



50_ 
50 



MFC 



>100 



>100 



>100 



50 



50 



50 



50 



1.56 



1.56 



1.58 



1.56 



3.15 



3.12 



>100 



>100 



>100 



>100 



>100 



50 



1.56 



>100 



3.12 



6.25 



>100 



3.12 



1.56 



3.12 



25 



25 
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MC and MFC values are ^g/ml- MIC 80% = 80% of inoculum is inl^it^. MIC 100% - 
100% of inoculum is inhibited. MFC = minimum fungicidal concentration. 

[00159] In tbe specification, and examples there have been disclosed typical prefenred 
embodiments of the invention and, although specific terms are employed, they are used in a 
generic and descriptive sense only and not for the purposes of limitation, the scope of the 
invention being set fortii in tiie following claims. 
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THAT WHICH IS CLAIMED IS: 

1. A compound according to Fonnula I: 



R2 



(I) 




wherein: 

Ri, Rz, R, and R4 are each independently selected from the group cons»stmg of H, 

alkyl, alkoxy, halide, and alkylhalide groups; 

RsisHalkyloraryU 

R. is H, alkyl, aryl, or m.,Vi„ .vherein R, and R. are each independentiy selected 
from the group consisting of H alkyl and aryl; and 
X is O, S or NRo, wiierein R9 is H or alkyl. 

2. nie compound according to Claim 1 . wherein R, and R2 are each an H. 

3 . -me compound according to Claim 1 , wherein R, and R2 are each an H and R3 
and R4 are each lower alkyls. 

4. The compound according to Claim 1 . wherein R3 and R4 are each a haUde. 
The compound accordmg to Claim 1 , wherein R3 and R4 are each alkoxy. 
•ae compound according to Claim 1, wherein R3 and R4 are each alkyl 



5. 
6. 

halides. 



7. The compound according to Claim 1 , wherein R5 is an H, R« is a NR7R8. and 
R7 and Rs are each an H. 

8. The compound according to Claim 1, wherein Re is a pyridyl. 
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9. The compound according to Claim 1 , wherein ^ is a substituted pyridyl. 

10. Hie compound according to Claim 1. wherein is a quinolinyl. 

11. A pharmaceutical composition comprising a compound according to Formula 

I: 

i' in 



R2 (I) 



H 




Ri, R2, R3 and R4 are each independently selected from Ihe group conastmg of H, 

alkyl, alkoxy, haUde, and alkylhahde groins; 

RsisHaDcyloraryl; 

R, is H, alkyl, ^, or NR7R., wherein Ry and R, are each independently selected 
from the group consisting of H, alkyl and aryl; and 
X is O, S or NR«, wherein R9 is H or alkjr, 
in a phaimaceutically acceptable carrier. 

12. The pharmaceutical composition of Claim 11. wherein the composition is 
formulated for parenteral administration. 

13. The pharmaceutical composition of Claim 11, wherein the composition is 
fomiulated for oral administratioa 

14. The pharmaiieutical composition of Claim 11, v^erem the composition is 
fonnulated for topical administration. 

15 A process for preparing a pharmaceutical composition comprising formulating 
the compound of the formula (0 according to claim 1 and optionally a pharmaceutically 
utilizable carrier. 
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16 A mediDd of treating an nuctobial infection in a subject in need of such 
treatment, wherein the microbial infection is cau««i by a microorganism selected from the 
group consisting of Mycobacterium tuberculosis. Trypanosonu^ spp.. Ca««Mz alh^cans, 
Asper^llus spp., Cryptospon<U^ var^ Oicdia lambm, Plasr^^um spp., Fr^nocystis 
carm. Toxoplasma ^or^i, Fusarium soUm, and Cryptococcus r^fomun., said method 
comprising administering to the subject a compound according to Formula I or a 
phannaceuiically acceptable salt thereof: 




wherein: . . 

wherdn R„ K., Ra and are each independently selected from the group consxstmg 

of H, alkyl. alkoxy, haUde, and alkylhahde groups; 
RsisH,aIkyloraryl; 

R« is H. alkyl aryl. or m,R., wherein R, and Rs are each independently selected 
from the group consisting of H, alkyl and aryl; and 
Xis O, S orlSlR?, ^)s*etranR9isH or alkyl. 

17. The mefliod according to Claim 16. wherein the compound is administered 
paienterally. 

18. The method according to Claim 16, wherein the compound is administered 

orally. 

19. The method according to Claim 16, wherem the compound is administered 
topically. 
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Scheme 1 y. .^X^X^z a 
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a)Pd(PPb3).1.4Hlioxane.A. b) H^. Pd/C. EtOAc. EtOH. 
c) SnQz (Hhydrate. EtOH. DMSO, A. 

Scheme 2 sMe v Xi . „ r»~. i^m 

BocHN-^NBoc ^^^^ fy^cTl^S V'^^^'^' 



TEA. 
DMF 



Scheme 3 x Xi 

ArOCI „ X..XkAi O Legend for compounds 2-5 



3— .A :j:^rH„ 

" c Xi = OMe, X2 - n 

d Xi = CI. X2 = H 

Xi r-^ ?i eXi=CF3.X2 = H 

1) fSoCl2.CH2C«2 Mu AT--^nNrS NH f X, = Me. X2 = Me 

■ Am-U^ v xA^N-^Ar See Table 1 for compound 6 

2) NH3.EtOH Ar'^N'^X2X2 N /NT 

6b-c 



Scheme 4 



NH 



MeCN, EtOH 



Xi 
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